INTRODUCTION
============

Root canal filling is one of the final stages of endodontic treatment. After root canals are filled, clinical and radiographic follow-up should confirm treatment success. Materials used during obturation should meet a number of criteria so that success can be achieved. Of these, biocompatibility is a fundamental property because the filling materials can be placed in close contact with periapical tissues.

The implantation of materials in subcutaneous tissues of rats has been used as a method to study biocompatibility^[@r04],[@r11],[@r16]^. The material under study may be placed in dentin^[@r03],[@r05]^, silicone^[@r06],[@r16],[@r17]^, Teflon^[@r07],[@r11]^ or polyethylene^[@r09]^ tubes. When animal testing is applied, material implant in polyethylene tubes has been described as gold standard. Figueiredo, et al.^[@r02]^ (2001) did not observe tissue reaction differences compared with sealer sub-mucous injection, but polyethylene tubes helped control the amount of sealer in contact with the tissues.

The materials most frequently used to fill root canals are gutta-percha cones and endodontic sealers. A substitute for gutta-percha cones, RealSeal System (Sybronendo, Sybron Dental Specialties Inc., Orange, CA, USA), uses Resilon cones and RealSeal Sealer (which is basically Resilon). Previous studies showed lower cytotoxicity levels of Resilon-containing sealers when compared with commonly used sealers^[@r13],[@r15]^. The fact that Resilon has low setting time in anaerobic environment^[@r10]^ may account to a better tissue response. Also, when associated with good coronal restoration, it seems to display good tissue reaction^[@r08]^. However, the literature is scarce as to the biocompatibility of Resilon. Onay, Ozdemir and Ungor^[@r11]^ (2007) tested Resilon marketed as Epiphany, finding good rats' subcutaneous tissue response to this material. However, they have not tested the primer, which is potentially an irritant to the tissues.

Resilon is not the only available resin-containing sealer. A widely used resinous sealer, AH Plus (Dentsply-Maillefer, Tulsa, OK, USA), which is commonly used in conjunction with gutta-percha, has been used as a control for comparison in many tests^[@r12],[@r14]^.

To test the hypothesis that RealSeal and its primer are biocompatible, this study evaluated tissue response to AH Plus, RealSeal or RealSeal primer in polyethylene tubes implanted in subcutaneous connective tissue of rats for 7, 15, 30, 60 and 90 days.

MATERIAL AND METHODS
====================

This study was approved by the Research Ethics Committee of the Dental School of the Federal University of Rio Grande do Sul (UFRGS), Brazil.

Thirty Wistar male rats (*Rattus novergicus albinus*) weighing 180 to 220 g were obtained from the UFRGS animal care facility. During the study, the animals were kept in routinely cleaned cages at controlled temperature and received water, dry Nuvelab CR1 (Nuvital, Curitiba, PR, Brazil) and Labina (Purina, Campinas, SP, Brazil) chows.

One hundred and twenty polyethylene (nontoxic Scalp Vein 19G) test tubes (1.3 mm inner diameter X 5 mm long) were manufactured. Thirty tubes (AH group) were filled with AH Plus Sealer (Dentsply- Maillefer); 30 (RS group), with RealSeal Sealer (SybronEndo); 30 (RP group) with RealSeal Primer (SybronEndo) and the other 30 (CG - control group) were left empty.

Following preparation of the tubes, the animals received general anesthesia by intramusctular injection of 0.008 mL/100 g ketamine (Francotar™, Virbac do Brasil Indústria e Comércio Ltda., Roseira, SP, Brazil) and 0.004 mL/100 g xylazine chloride 2% (Virbaxyl^®^, Virbac do Brasil Indústria e Comércio Ltda.). After that, the dorsum of the animals was manually shaved and scrubbed with gauze soaked in 3% alcohol-iodine (Quinta Essência Cosméticos e Medicamento Ltda., Porto Alegre, RS, Brazil).

Four incisions of about 1 cm long and 2 cm distant from each other were made with a \#15 scalpel blade (Free-Bac, Embramac Empresa Brasileira de Material Cirúrgico Ltda., Itapira, SP, Brazil) and handle. After each incision, subcutaneous tissue was dissected laterally with blunt-end scissors (Duflex^®^, SS White Artigos Dentários Ltda., Rio de Janeiro, RJ, Brazil). The surgical pockets were produced on the dorsum of each animal.

A test tube was inserted in each pocket using surgical forceps (Duflex^®^, SS White Artigos Dentários Ltda., Rio de Janeiro, RJ, Brazil). Each animal received one tube from each experimental group as well as the control. Stratified randomization was used to determine in which pocket the test tube would be inserted, and ensured that the different types of test tubes were inserted in all different positions. After that, the incisions were sutured with 4-0 mononylon stitch (Somerville Ltda., Jabotão dos Guarapes, PE, Brazil).

Six rats were killed at 7, 15, 30, 60, and 90 days postoperatively. The animals were anesthetized again as described above and killed by cervical dislocation. Immediately after that, excisional biopsies of each implant area were obtained which were immersed in 10% buffered formaldehyde for 48 h.

The samples were embedded in paraffin. A microtome (Leica RM 2025, Nussloch, Baden- Württemberg, Germany) was used to section the blocks to reach the tube. The tube was removed with a dental probe (Duflex^®^, SS White Artigos Dentários Ltda.), and the block was immersed again in liquid paraffin. After that, the block was sectioned and 5 semi-serial sections 5- to 6-μm-thick were obtained and then stained with Harris hematoxylin and alcoholic eosin (HE). Results were analyzed by a blinded examiner using a light microscope (BX41TF, Olympus) at 100, 200 and 400x magnifications. The examiner was calibrated before data analysis (kappa=0.6).

For each study sample, only the section that was most representative of the histological condition was chosen. Adjacent tissue in at least one of the tube ends was visualized in every section chosen.

Cell events were classified according to the following scores: 1- absent; 2- mild (sparse cells or very small groups of cells); 3- moderate (cells present but not filling the microscopic field); 4- intense (cell infiltrate).

Fibrous tissue was classified according to the following scores: 1- absent; 2- thin layer of collagen fibers around the material; 3- thick layer of collagen fibers around the material.

Abscesses, characterized by the presence of dead neutrophils (pus) in a large clearly stained area, was classified according to the following scores: 1- absent; 2- abscess in contact with the area that contained the material; 3- abscess also in areas distant from the area that contained the material.

The nonparametric Kruskal-Wallis test was used, and the multiple comparisons test, to determine differences amongst groups. Significance level was set at α=0.05.

RESULTS
=======

Some specimens were lost during histological processing, resulting in the following sample distribution according to the experimental periods and groups: 7 days -- AH (n=5), RS (n=5), RP (n=5), CG (n=4); 14 days -- AH (n=5), RS (n=6), RP (n=4), CG (n=5); 30 days -- AH (n=6), RS (n=4), RP (n=4), CG (n=6); 60 days -- AH (n=5), RS (n=6), RP (n=6), CG (n=6); and 90 days -- AH (n=4), RS (n=5), RP (n=4), CG (n=5).

[Figure 1](#f01){ref-type="fig"} and [Table 1](#t01){ref-type="table"} illustrate the behavior of the groups in terms of the events assessed, at each evaluation period. The groups did not differ significantly from each other in terms of presence of macrophages and giant cells, eosinophils, neutrophils, fibrosis or abscesses at any of the different experimental periods (p\>0.05). Lymphoplasmacytic infiltrate scores significantly higher than those of the control group were observed at 14 and 60 days in AH group and at 90 days in RS group.

![Rat subcutaneous tissue reaction to different materials. A-Thick fibrous connective tissue capsule (f) - Primer(P)/7 days (H&E, Original magnification 100x). B- Mild eosinophils infiltrate (asterisks) - Primer/7 days (H&E, Original magnification 400x). C-Abcess formation (p) - AH Plus (AHP)/7 days (H&E, Original magnification 100x). D- Intense (ou severe) limphocitic/ plasma cells infiltrate (LI)/AH plus 60 days (H&E, Original magnification 100x). E- Macrophages infiltrate (arrows)/Real Seal 60 days (H&E, Original magnification 400x). F- Tissue reaction (TR) to empty polyethylene tubes (PT) implantation (H&E, Original magnification 100x)](jaos-19-01-0052-g01){#f01}

###### 

Mean scores attributed to the AH Plus Sealer (AH), RealSeal Sealer (RS), RealSeal Primer (RP), and Control (CG) groups, after experimental periods of 7, 14, 30, 60 and 90 days, for the six events assessed

  **Event**      **Time**   **Group**   **p**                             
  -------------- ---------- ----------- ----------- ----------- --------- -------
  Neutrophils    7 days     11.10       12.00       9.30        7.00      0.390
                 14 days    9.50        12.83       9.50        9.50      0.177
                 30 days    10.00       10.00       11.67       10.00     0.506
                 60 days    13.00       14.17       10.50       10.50     0.282
                 90 days    8.00        8.00        10.00       8.00      0.392
  Eosinophils    7 days     9.80        8.00        12.00       10.25     0.470
                 14 days    9.00        10.58       11.38       11.20     0.742
                 30 days    13.75       9.92        8.50        11.13     0.250
                 60 days    12.60       15.50       10.00       10.00     0.104
                 90 days    8.50        8.50        8.50        8.50      1.000
  LPI            7 days     14.30       9.20        8.50        7.50      0.160
                 14 days    14.50^A^    10.00^AB^   12.25^AB^   5.70^B^   0.049
                 30 days    15.38       9.50        9.00        9.38      0.236
                 60 days    17.00^A^    14.75^AB^   9.67^AB^    7.42^B^   0.030
                 90 days    10.50^AB^   12.40^A^    6.50^AB^    5.40^B^   0.032
  Macr.+ Giant   7 days     12.20       11.90       7.20        8.38      0.354
                 14 days    6.80        12.00       12.50       10.80     0.385
                 30 days    10.38       8.83        13.58       8.50      0.423
                 60 days    11.10       15.75       11.00       10.00     0.384
                 90 days    7.50        12.70       5.00        7.50      0.074
  Fibrosis       7 days     11.50       7.60        11.50       9.25      0.241
                 14 days    12.00       12.00       9.50        8.00      0.215
                 30 days    13.50       10.17       11.83       6.00      0.121
                 60 days    14.70       13.17       11.25       9.33      0.446
                 90 days    11.00       9.40        7.00        7.80      0.591
  Abscesses      7 days     13.80       8.00        9.80        8.00      0.079
                 14 days    10.50       10.50       10.50       10.50     1.000
                 30 days    10.50       10.50       10.50       10.50     1.000
                 60 days    12.00       12.00       12.00       12.00     1.000
                 90 days    8.50        8.50        8.50        8.50      1.000

p= minimum level of significance of the Kruskal-Wallis non-parametric test

Mean ranks followed by different letters are significantly different according to the Kruskal-Wallis non-parametric test, plus its multiple comparisons test, to a significance level of 5%

Comparing the results for each material after different experimental periods, no significant differences were observed in relation to the presence of macrophages and giant cells, eosinophils, neutrophils or fibrosis (p\>0.05). AH group scored higher for abscesses at 7 days than after any other period (p=0.031). RP group scored higher for lymphoplasmacytic infiltrate at 14 days than at 90 days (p=0.04).

DISCUSSION
==========

The objective of this study was to conduct an *in vivo* experiment to contribute with regards to the biocompatibility of RealSeal Sealer, comparing it with its own primer, and another resinous sealer (AH Plus).

Tubes containing test materials implanted into the subcutaneous tissue of experimental animals have been employed to test biocompatibility^[@r03]-[@r07],[@r09],[@r11],[@r16]-[@r17]^. Since this method brings the test substances into contact with connective tissue, it simulates what occurs in the periapical region after obturation of root canals.

Analysis of the results demonstrated that the median score for neutrophils and eosinophils was 1 in all groups, indicating that these cells were absent in the tissue close to the materials. This fact suggests that contact with AH Plus Sealer, RealSeal Sealer and RealSeal Sealer primer are all well-tolerated by the body.

Abscesses were not observed in the primer, RealSeal Sealer or control groups. At 7 days, AH Plus Sealer group exhibited abscesses in contact with the material, and the score after 7 days was significantly higher than for the other periods. Based on this observation, it can be stated that AH Plus Sealer was more aggressive, during the initial period of contact with connective tissue than the other materials.

The results of this investigation are comparable to the findings of Sousa, et al.^[@r14]^ (2006) and Onay, Ozdemir and Ungor^[@r11]^ (2007), who concluded that Epiphany Sealer, an endodontic sealer with the same chemical composition as that of RealSeal Sealer, is biocompatible. Batista, et al.^[@r01]^ (2007) also observed that AH Plus Sealer irritated tissues after an initial period (7 days) and that the aggression reduced over time.

CONCLUSION
==========

The main contribution of this study was to demonstrate that issues involved with tissue tolerance of a Resilon-containing sealer, RealSeal Sealer, cannot be attributed to its Primer content. Further studies should be conducted to assess long-term tissue response of these materials, since ageing has not been tested from the biocompatibility point of view.
